Abstract A rapid method was developed to identify and quantify the azide ion (N 3 -) in gastric fluid and urine. N 3 -in diluted biological fluids was reacted with NaAuCl 4 to produce Au(N 3 ) 2 -, which was extracted with octanol. Five microliters of the extract were flow-injected into an electrospray ionization tandem mass spectrometric instrument. Quantification of N 3 -was performed by selected reaction monitoring of the product ion Au(N)(N 3 ) -at m/z 253, which was derived from the precursor ion Au(N 3 ) 2 -at m/z 281, using 50 μL of aqueous solution within 10 min. This method was found to be linear up to 10 -5 M, to have a limit of quantification of 10 -7 M, a limit of detection of 3.0× 10 -8 M, and a coefficient of variation of ≦10% at 10 -7 M. In the case of urine, 50 μL of urine were spiked with N 3 -, this was diluted 10-fold and passed through 1 mL of a resin, and finally diluted to 100-fold of the original. This method was linear up to 10 -3 M, had a limit of quantification of 10 -5 M, a limit of detection of 3.0 × 10 -6 M, and coefficient of variation of ≦8.8% for an original urine concentration of 10 -5 M. The practical applicability of this method was checked by diluting 1 μL of a suspected suicide victim's gastric fluid 20,000-fold and 1 μL of the victim's urine 5,000-fold and then measuring the N 3 -levels. These levels were found to be (7.5±1.0)×10 -2 M and (3.2±0.4)×10 -3 M, respectively.
diluted biological fluids was reacted with NaAuCl 4 to produce Au(N 3 ) 2 -, which was extracted with octanol. Five microliters of the extract were flow-injected into an electrospray ionization tandem mass spectrometric instrument. Quantification of N 3 -was performed by selected reaction monitoring of the product ion Au(N)(N 3 ) -at m/z 253, which was derived from the precursor ion Au(N 3 ) 2 -at m/z 281, using 50 μL of aqueous solution within 10 min. This method was found to be linear up to 10 -5 M, to have a limit of quantification of 10 -7 M, a limit of detection of 3.0× 10 -8 M, and a coefficient of variation of ≦10% at 10 -7 M. In the case of urine, 50 μL of urine were spiked with N 3 -, this was diluted 10-fold and passed through 1 mL of a resin, and finally diluted to 100-fold of the original. This method was linear up to 10 -3 M, had a limit of quantification of 10 -5 M, a limit of detection of 3.0 × 10 -6 M, and coefficient of variation of ≦8.8% for an original urine concentration of 10 -5 M. The practical applicability of this method was checked by diluting 1 μL of a suspected suicide victim's gastric fluid 20,000-fold and 1 μL of the victim's urine 5,000-fold and then measuring the N 3 -levels. These levels
Introduction
Sodium azide (NaN 3 ) is used to generate nitrogen, which is used to inflate automobile airbags and as a preservative for laboratory reagents. NaN 3 is a highly toxic substance that inhibits cytochrome oxidase, like cyanide (CN -), and it also exerts a hypotensive action, but the detailed mechanism of its toxicity is not yet known [1, 2] . Its oral LD 50 in white mice is 27 mg/kg [3, 4] . Indeed, several nonfatal and fatal cases of human NaN 3 poisoning have been reported. The maximum nonfatal amount ingested was 0.15 g [3] or 1 g with immediate aggressive supportive treatment [2] ; the minimum fatal amount ingested was 0.7 g [5] ; while ingesting amounts varying from 1 g to 55 g has proven to be fatal in other cases [1] [2] [3] [4] [5] [6] . Such intoxication has largely been identified in workers at laboratories and factories that utilize this chemical [2, 3] . Rapid determination of N 3 -is required for a diagnosis of suspected poisoning. Several methods for the determination of N 3 -have been reported. Potentiometry [7] , spectrophotometry [8, 9] , gas chromatography (GC) [2] , liquid chromatography (LC) [4] [5] [6] , and ion chromatography (IC) [10] have been used, but the determination of N 3 -by those methods has lacked specificity as well as sensitivity. The specificity of mass spectrometry (MS) is much better than those of the other methods mentioned above, since MS can determine the analyte using its mass to charge ratio. Since N 3 -is a nonvolatile molecule, GC-MS can be used after derivatizing N 3 -to a volatile pentafluorobenzyl (PFB)-N 3 [11, 12] . Determining N 3 -by GC-MS has provided the best specificity as well as sensitivity achieved thus far, leading to a limit of detection (LOD) of 2. 
Materials and methods

Materials
Chemicals of analytical grade were obtained from Wako Pure Chemicals (Osaka, Japan). Na 15 N 14 N 2 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) N 98%+) was obtained from Cambridge Isotope Laboratories, Inc. (Andover, MA, USA). Pure water with a specific resistance of 18 MΩ cm was used (Millipore, Bedford, MA, USA). The control urine samples were obtained from our laboratory staff (n06) with permission; these were placed in new tubes and stored at −20°C.
Case history of a suspected suicide victim A man of around 50 years of age was found dead in a forest. A suicide note and an empty plastic bottle for mineral water were found near the scene, but the plastic bottle was not retained since it was empty. The autopsy was performed at our department by the authors 4.5 days after the last time that someone had seen him alive. External examination revealed no particular abnormalities. Internal examination showed erythema of gastric lining and bilateral pulmonary edema and congestion but no other cause of death. Gastric fluid, urine, and blood were obtained from the victim at autopsy, placed in new tubes, and stored at −20°C by the authors.
Routine drug screening of the urine was performed using The Triage Drugs of Abuse Panel Plus TCA kit (Biosite Inc., San Diego, CA, USA), and tests for eight drugs were negative. Ethanol levels in the blood and the urine were determined using GC, and were 0.45 and 0.9 mg/mL, respectively, indicating weak intoxication and/or the postmortem production of alcohol. The CN -level in the gastric fluid was only 4.5×10 -7 M, indicating nonlethality. Arsenic compounds such as As 3+ , As 5+ , monomethylarsonic acid, and dimethylarsinic acid were not detected in the gastric fluid and urine. and detection after ≧1,000-fold dilution with CB is possible, the diluted solutions can be assayed in the same way as the aqueous solution.
Assay procedure for urine
The N 3 -standard solution was added (if necessary) to 50 μL of urine and diluted to 0.5 mL. A cation exchange resin (DOWEX™ 50 W × 8 100-200 mesh) obtained from Wako Pure Chemicals (Osaka, Japan) was activated according to the instructions provided by the manufacturer, and 0.5 mL of 10-fold diluted urine were passed through 1 mL of the resin. The pH of the urine was adjusted to 5 with 1 M trisodium citrate solution, and the urine was finally diluted to 100-fold of its original concentration. One microliter of 1 M citrate buffer solution and 3 μL of AsA at 2×10 -3 M were added to 50 μL of the resulting urine sample, and this solution was assayed in the same way as the aqueous solution.
Instruments ESI-MS/MS was performed using a TSQ 7000 LC triplestage quadrupole mass spectrometer equipped with a flow injector (ThermoQuest, Tokyo, Japan), which was operated in the negative ion mode. Methanol was employed as the mobile phase, flowing at 0.3 mL/min, and the capillary temperature was set to 250°C. The electrospray voltage was set at 4.5 kV, the multiplier voltage at 1.3 kV, and the collision voltage at 18 V. Nitrogen was used as the sheath gas (469 kPa) and also as an auxiliary gas (8 units), and argon was used as the collision gas (134 kPa). Five microliters of the octanol extract was flow-injected using an autosampler into the ESI-MS/MS apparatus at time intervals of 2 min (i.e., 1 min for detection and 1 min for resetting). Quantification was achieved in ESI-MS/MS by integrating the peak area of the product ion at m/z 253.0±0.2, which was derived from the precursor ion at m/z 281.0±0.3, using a calibration curve constructed using the results obtained from analyzing matrix samples spiked at different concentrations.
Results and discussion
Suitable pH, solvent, reducing agent, and working solution for quantifying Au ion
The Au(N 3 ) 2 -signal intensities produced in 0.02 M citrate buffer solutions at pH values of 3.5, 4-6, and 7 were 60, 100, and 70%, respectively, using octanol as the extractor, and the same pH dependence of the signal intensity was observed when a 0.02 M oxalate buffer solution was used. When a 0.02 M phosphate buffer solution was used, the best pH range was the same, but the signal intensity was only 20% of that observed with the citrate buffer solution. The signal intensities from the citrate buffer solution at 0.005 M, 0.01-0.03 M, and 0.04 M were 85, 100, and 90%, respectively. Therefore, 0.02 M citrate buffer solution at pH 5 (i.e., CB) was selected for subsequent use. The extraction efficiencies of the organic solvents isoamyl alcohol, methylisobutyl ketone, cyclohexanol, and chloroform were nearly 20, 20, 5, and 1%, respectively, normalized to the efficiency of octanol. The blank signals of these solvents showed the same noise levels, so octanol was selected as the extractor for the complex.
Under the above conditions, however, the linearity of the signals as a function of concentration dropped off at <10 . Therefore, the effects of the reducing agents AsA, dithiothreitol, glutathione, and sodium hydrosulfite were examined in an attempt to improve the recovery. Among these reducing agents, only AsA at (2-6)×10
-5 M in CB proved to be useful for the present determination: the signal derived from N 3 -at 10 -6 M in CB containing AsA at 4×10 -5 M was 100 times that derived from N 3 -at 10 -6 M in CB without AsA.
Therefore, CB containing AsA at 4×10 -5 M was used as the solution in which the Au(N 3 ) 2 -was produced. -under the present conditions when they were added to the solution at a level 100 times that of N 3 -.
The recoveries of N 3 -spiked at 10 -5 M into 100-fold diluted urine and 500-fold diluted urine were about 50% and >95% when the assay procedure for aqueous solution was followed and suitable concentrations of AsA of 2.4× 10 -4 M and 1.2×10 -4 M were used, respectively. We found that some of the interfering substances in urine were urea, creatinine, and ammonia. Therefore, a cation exchange resin was used to eliminate these cationic substances, as described in the section "Assay procedure for urine." The recovery of N 3 -spiked at 10 -5 -10 -3 M into control urine and assayed according to the procedure for urine was then >95% with a concentration of AsA of 1.2×10 -4 M.
Matrix effects
Matrix effects-ion suppression and enhancement-are often observed in real samples. There are two ways to compensate for such matrix effects on the quantification. One is to use a suitable internal standard and the other is to use the standard addition method. -was produced that depressed the production of Au ( 14 N 3 ) 2 -and Au( 15 N 14 N 2 ) 2 -. Therefore, the standard addition method was adopted for quantification in the present determination.
Precision and accuracy in water and the treated urine Calibration curves were calculated for spiked water and for spiked and treated urine. Concentrations determined from the peak area (y) varied linearly with the spiked concentrations in the water and treated urine samples (x in 10 -7 M).
That is, y01.008 x+0.082 with a correlation coefficient (γ) of 0.999 for water, and the curves for six urine samples were given by y 0 αx + β with correlation γ, where α ranged from 0.958 to 1.022, β ranged from −0.007 to 0.125, and γ ranged from 0.993 to 0.999. Precision and accuracy were assessed in the analyses of spiked water (Table 1 ) and spiked treated urine samples. Table 2 shows the results for the urine sample that gave the worst γ value, 0.993. The coefficient of variation was ≦10%, and accuracy was 91-107% for intraday and interday variations for water and the six urine samples. The limit of quantification of the present method was therefore 10 -7 M in water and 10 -5 M in the original urine, since the urine was diluted 100-fold, as described in the section "Assay procedure for urine." The LOD, based on the concentration that yields a signal that is three times the background noise, was 3.0×10 of NaN 3 was calculated to be 3.1 g in the 637 mL of gastric fluid remaining and 2.6 mg in the 13 mL of urine remaining, respectively. Previous works have reported that the concentrations of N 3 -in gastric fluid ranged from 1.2×10 -2 to 9.1×10 -1 M in four fatal cases [4, 6] , and those in urine were 2.1×10 -6 and 3.2×10 -6 M in two fatal cases [5, 11] . Therefore, the concentration of N 3 -in the present gastric fluid was in the middle of this range of values, whereas that in the present urine was quite a lot higher than the levels previously reported, although the number of reported N 3 -poisoning cases is limited.
Comparison with other methods [4, 6, 11, 12] and 5 min in [2] , whereas chelate complex formation took less than 1 min in [8, 9] and in the present work. The evaporation of some derived products took 20 min in [10] and 5 min in [2] , while the liquid-liquid extraction of the chelate complex took 1 min in the present work. The chromatographic separation took 8-30 min in [4, 6, 10, 12] and 5 min in [2, 12] for detection and another ca. 10 min for resetting, whereas the present FI-ESI-MS/MS required only 1 min for detection and another 1 min for resetting. Chromatographic separation reduces matrix effects (i.e., ion suppression and interferences), but it does incur the cost of the columns and the time needed for separation. As an alternative to chromatographic separation, extraction with octanol followed by MS/MS was adopted in the present method. The solubility of octanol in water is only 0.06 wt %, which means that the use of octanol can eliminate most of the biological substances dissolved in the aqueous layer, greatly reducing matrix effects. Electrospray ionization was enhanced when the solvent was changed from water to octanol, a polar organic solvent. MS/MS detection can rapidly eliminate many of the false signals still present in a single MS. That is, the peak height ratios of the precursor ion at m/z 281 to the product ion at m/z 253 were 0.32, 0.86, and 4.3 at 10 -5 M in Fig. 1a , at 6.4×10 -7 M in Fig. 3b , and 10 -7 M in Fig. 3a , indicating that false signals in the first MS (i.e., at the m/z of the precursor ion) increased as the concentration of N 3 -decreased, and those false signals were eliminated by applying the second MS (i.e., at the m/z of the product ion). Consequently, the present FI-ESI-MS/MS was able to determine N 3 -with the lowest LOD yet achieved.
This method is applicable to analytes dissolved in water, but the derived products from analytes are soluble in polar organic solvents and are detectable by MS/MS.
Conclusion
This paper represents the first report of the MS/MS determination of N 3 -. While single MS cannot distinguish between N 3
-and OCN -(as they have the same m/z, 42), the present MS/MS technique can distinguish them based on their MS/ MS product ion spectra. Previously reported GC-MS methods need >45 min to derivatize N 3 -and perform the GC-MS, but the present method needs <10 min to form the chelate complex, extract it, and apply FI-ESI-MS/MS. The method presented here is therefore suited to the rapid diagnosis of N 3 -poisoning.
